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SUMMARY

An interferometer has been devised and assembled which uses amplitude
division of an object beam to construct an information-free reference beam
by low-pass spatial filtering. It is shown that this interferometer can be
used to convert a schlieren system into an interferometer without Timiting
the useful aperture of the schlieren system, which may be very large, and
without constructing a reference beam around the test section.

Two versions of the interferometer are demonstrated: one employing
12.7-cm (5-in.) diameter schlieren optics and the other employing 30.48-cm
(12-in.) diameter parabolic mirrors in an off-axis system. The latter sys-
tem requires the addition of a cylindrical lens to correct for astigmatism.
Satisfactory results were obtained by replacing a decollimating lens in the
reference-beam arm by a zone plate. Attempts to increase the flux and uni-
formity of irradiance in the reference beam by means of a diffuser are dis-
cussed, and photographs of the reference beam are shown.

INTRODUCTION

Optical interferometric studies of nonuniform fluids are most frequently
undertaken using the Mach-Zehnder interferometer (refs. 1 and 2) shown in
figure 1. This interferometer uses wave-amplitude division to provide two
separate, coherent, light beams, namely, an object beam, which traverses the
fluid to be evaluated, and a reference beam, which circumvents the fluid.
The two beams are subsequently recombined to produce an interference pattern
whose deformities permit evaluation of the condition of the fluid, especially
its refractive index distribution.

The Mach-Zehnder interferometer suffers from several limitations; for
example,

(1) Although interferometer apertures up to 1 m (36 in.) in diameter are
possible, actual interferometer apertures have been limited to less than
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Figure L. - Mach-Zehnder interferometer. S, Monochromatic source; C, collimating lens;
Sy, So splitter plates; My, My, mirrors; T, test section; L, camera lens; 1, image plane.



0.3 m (12 in.) in diameter by the difficulty, and especially by the cost, of
manufacturing large, defect-free, transmitting optics.

(2) The long separation of object and reference light paths in larger
facilities may be inconvenient and allows extraneous disturbances, such as
vibration and random refractive-index fluctuations, along each path to
introduce spurious fringe distortions.

Various alternatives to overcome these difficulties (see, e.g., refs. 3
to 8) reduce the required number of large optical elements, but also

(1) Greatly reduce the field of view to as little as one-half the maxi-
mum aperture, or

(2) Retain the long reference path, or

(3) Retain the long reference path while worsening random refractive-
index fluctuations along it by including it as part of the object path, or

(4) Introduce fundamentally new optical aberrations in the system.

This report describes an interferometer that ameliorates these problems.
The interferometer uses wave-amplitude division of the object beam to con-
struct a reference beam. This interferometer can be added to a schlieren
apparatus. The resulting system aliows very large schlieren optics to be
combined with relatively small interferometer optics to convert the schlieren
into an interferometer with large aperture at potentially low cost while
eliminating or minimizing the problems cited above.

After this report was first written two important references (refs. 9
and 10) were located which pertain to closely related devices, a holographic
system (ref. 9) and an interferometer (ref. 10). Comparisons of these
devices and the interferometer described herein are presented in the section
entitled "Comparisons With Other Devices”.

DESCRIPTION OF INTERFEROMETER

The system consists of a local-reference-beam interferometer in series
with schlieren optics, minus the usual schlieren knife edge. (A reference
beam constructed from an object beam, that is, from a beam which has tra-
versed the object space, has been called a local reference beam (ref. 11).)
Two versions of the local-reference-beam interferometer are delineated. The
first uses lenses in the schlieren system (fig. 2); the second uses para-
bolic mirrors (fig. 3).

Lens Version

The front end of the system, the schlieren portion, consists of a laser,
monochromatic source, S, followed by a beam expander (microscope objective
E), and spatial filter (pinhole) Fj. The expanded beam is collimated by
a collimator, C, having any desired aperture. (The irradiance of the beam
across the aperture is approximately uniform.) The collimated beam tra-
verses a test section, T, containing any desired transparent fluid and
objects for study, and then is focused by a decollimator, D1, having an
aperture equal to, or less than, that of the collimator C. Decollimator
D; is at a distance from the test section equal to, or slightly greater
than, the decollimator focal length in order to minimize vignetting by the
subsequent interferometer section of light refracted and diffracted in the
test section. The more this object distance exceeds the decollimator focal
length, the less will be the ultimate image magnification at the final

recording plane.
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Figure 2. - Local reference beam inter~ Figure 3. - Local reference beam interferometer coupled with schlieren mirror
ferometer coupled with schlieren op- optics.

tics, E, beam expander; Fy,Fo, spa-
tial filters; Dl,D , decollimators;
Ry, Ro recollimators.

The rear end of the system, which corresponds to that in reference 9
looks 1like a Mach-Zehnder interferometer with additional optics in one beam.
In detail, the light source image formed by the schiieren section is recol-
limated by Rj. This is done to allow production of straight fringes at
the final image plane and to minimize aberration of the beam transmitted
through the first splitter plate, S;. The second collimator Rj; may
have a much smaller aperture than the schlieren optics, but should have an
f/number equal to, or preferably less than, that of decollimator Dj in
order to gather light refracted and diffracted in the test section. The
recollimated 1ight beam is next split into two coherent beams, an object
beam reflected from splitter Sj, and, ultimately, a reference beam
constructed from the beam transmitted through splitter S;.- The final
object beam is always reflected from splitter plates to avoid introducing
the aberration of refracted or diffracted 1ight in the image of the object.
Also, the splitter plates are slightly wedged to eliminate the spurious
interference pattern produced by parallel splitter-plate surfaces as well as
to dispense with overlapping multiple images.

The object beam is transmitted in one arm of the interferometer via
reflection from a front-surface mirror, Mp, and a second splitter plate,
S», to a long-focal-length camera lens, L, which images the test section
a% the final image plane, I. A long-focal-length camera lens is used to
achieve sufficient magnification of the test section image I.

In the other arm of the interferometer, a reference beam is constructed
from the object beam by decollimating the object beam using lens Dp,



transmitting the beam through a low-pass, spatial-frequency filter (pinhole,
Fo2), and then recollimating the beam through a similar lens, Rp. Lens R2
should match lens R; so that the interfering wavefronts (at the image
plane), in the absence of disturbances in the test section, will be as closely
matched as possible. Lens Dy should match lens Ry and, hence, Rj,

in order to maximize the intensity of the reference beam. Not only should all
three interferometer lenses be matched, they should also each possess the
shortest practical focal length and lowest possible f/number in order to mini-
mize the interferometer size and maximize the flux it transmits. The reflec-
tance of splitter plates S7 and Sp should be kept low — they may even

be uncoated - in order to retain maximum relative flux in the reference beam.
This is necessary because of potential flux loss at pinhole F, due to
aberrations by the preceding optics (C, D1, R1, and Dp) plus refraction

and diffraction of Tight by disturbances 1n the test section. In fact, the
greater the blockage of the object field by objects and disturbances in the
test section, the less flux gets transmitted through pinhole Fo.

Pinhole F, and lens R, in the reference beam should be capable of
fine axial translation; F» so that it may be Tocated at the image of the
light source, and R, so that the reference-beam wavefront may be made
plane to match the object beam wavefront in the absence of disturbances and,
hence, produce the infinite-fringe condition or straight fringes. If the
reference beam, or the object beam, is not collimated, then the fringes are
circular, or circular arcs. In addition to axial translation, pinhole F)
must be capable of lateral translations so that it may be centered on the
image of the light source. Mirror M; and splitter S» along the object
beam should each be capable of fine rotational motions about two perpendicular
axes in order to obtain straight fringes with controlled spacing and orienta-
tion. It may be possible to form the first image of the test section at
splitter Sj, mirror Mj, or at the distance of mirror My from split-
ter Sy in order to permit fringe orientation at the image plane, I, by
rotating only one plate, namely, the splitter plate $§;, mirror Mp, or
mirror M,, respectively. However, fringe orientation control by rotating
splitter §; s undesirable because it may cause too much lateral displace-
ment of the light source image at filter Fo.

The optical path lengths of the separated object and reference beams
should be approximately equal to obtain interference. However, because of the
high coherence of lasers, the path lengths need not be precisely equal to ob-
tain satisfactory fringe visibility.

The optics should be of high quality to obtain an infinite fringe with
uniform phase because inversion of the reference beam eliminates one-to-one
correspondence between points on the interfering wavefronts.

Because the off-axis contribution to the imagery is generally limited to
1ight refracted through small angles in the test section, the optical system
need only be aberration-free for small off-axis angles; that is, it need only
be corrected for coma, at most, in addition to the axial correction for spher-
jcal aberration at the operating wavelength of the laser.

Mirror Version

This version is the same as the lens version, except that the schlieren
lenses are replaced by parabolic mirrors (fig. 3). The aperture of the lens
version of the schiieren system is limited to less than 0.3 m (1 ft) diam-
eter by the difficulty and cost of manufacturing large aberration-free
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lenses. Much larger parabolic mirrors can be manufactured at lower cost.
However, to achieve an unobstructed mirror version of the schlieren system
requires that the mirrors be used in the off-axis configuration shown in
figure 3. In this configuration an astigmatic image of the light source is
formed at the front focus of lens Rj, unless the mirrors are the more
expensive off-axis parabolas. Thus, the wavefronts “recollimated" by lens
R1 are not plane, so that the infinite-fringe condition or uniformly
spaced straight fringes are not obtainable at the image plane I. In addi-
tion, the secondary image of the light source at filter F2 is enlarged
and astigmatic, so that most of the radiant flux in the reference beam may
be blocked when using a pinhole.

The astigmatism can be removed by installing a cylindrical lens, L,
in the divergent beam from spatial filter Fj, thus substituting a vir%ua]
astigmatic source and ideal image for the original ideal source and astig-
matic image (ref. 12). With the astigmatism eliminated the mirror system
operation is similar to that of the lens version.

CONSTRUCTION OF INTERFEROMETER
Lens Version

To demonstrate the proposed technique, the interferometer shown in
figure 4 was assembled mostly from optics already available. The use of
Tenses rather than mirrors in the schlieren portion of the system permitted
demonstration of the interferometer, but not of a large ratio of schiieren
aperture to interferometer aperture. Using lenses, rather than mirrors,
also avoided the problem of astigmatism, which prevents sufficient light

Figure 4. - Interferometer with lens assembly,



flux from being transmitted by spatial filter Fp. Thus, the lens config-
uration provided a basis for comparison with other variations of the system.
The following specific optics were used in the initial system:

Laser, S.

Light source pinhole
aperture, Fi

Schiieren collimator
lens C

Schlieren decollimator
lens D1

Interferometer collima-
tor, lenses Ry and R»

Interferometer decollima-
tor, Dp

Splitter plates, Sy and Sp

Mirrors, Mj and My
Reference beam pinhole,
F2

Camera lens, L

15-mW helium neon
25—um diam

62.9-cm (24.75-1in.) focal
length, 12.7-cm (5-in.)
diam objective lens

30.5-cm (12-in.) focal length,
f/2.5 Kodak Aero Ektar
aerial camera lens
30.6-cm (12-in) focal length,
f/2.5 Kodak Aero Ektar
aerial camera lens
15.2-cm (6-in.) diam, 50 percent
reflectance with 30-min. wedge
angle
15.2-cm (6-in.) diam
10-pm diam

34.3-cm (13.5-1in.) focal length,
f/3.5 Kodak Aero Ektar, aerial
camera lens followed by negative
Tens to obtain a telephoto
system

For an idea of the size of the system, note that in figure 4 the holes in

the table top form l-in. squares.

Mirror Version

The mirror system shown in figure 3 was assembled as shown in figure 5.
The optics were essentially the same as in the lens system, except that the
objective lenses were replaced by 30.5-cm (12-in.) diameter, 244-cm (96-in.)
focal-length, parabolic mirrors with a 6.5-cm-focal-length cylindrical lens
near the initial source point to correct the astigmatism. In some tests the
Aero Ektar decollimator D, was replaced by a holographic zone plate
having a focal length of 27.9 c¢m (11 in.) and diameter of 8.1 cm (3.2 in.).

The system is obviously not restricted to mirrors 30.5 cm (12 in.) in
diameter, or less. The selected mirrors were simply the largest readily
available.

RESULTS AND DISCUSSION
Lens Version

With the particular optics used (fig. 4), a 10-uym—diameter spatial
filter Fo was the largest that would provide reasonably uniform irradi-
ance in tEe reference beam while eliminating the information in the original
object beam. The introduction of an object into one side of the field of
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Figure 5. - Interferameter with mirrors assembly.

view in the test section provided a good test for information elimination.
In the space following final splitter plate Sp, the interferometer causes
one beam, say the reference beam, to be inverted relative to the other,
object, beam. Hence, if the reference beam contains information about the
test section two images of the object in the test section can be seen at I,
one image upside down and backwards relative to the other. However, if
aperture F2 s small enough, the test section information is filtered

out, and the second image is missing.

The results obtained using the demonstration interferometer are presented
in the following series of photographs. Figure 6(a) shows the interference
pattern formed when the low-pass spatial filter Fy was removed from the
reference beam and the interferometer was adjusted for the infinite-fringe
condition. The residual fringes are of high contrast. The maximum phase
variation over the 12.7-cm (5-in.)-diameter aperture corresponds to two to
three fringes. A soda straw used as the jet-exit nozzle from a can of com-
pressed air within the test section extends into the field of view from the
right side. The existence of the second, reversed, image of the straw
indicates that information regarding the test section has not been removed
from the reference beam. When the 10-ym~diameter pinhole, F2, is )
introduced in the reference beam, the interference pattern appears as in
figure 6(b). The reversed image of the straw is eliminated. Hence, the
reference beam now contains negligible information pertaining to T. Both
the visibility contrast and phase variation across the field are reduced.
The corresponding finite-fringe interferogram with no jet flow is shown in
figure 6(c). With choked-jet flow the interferogram appears as shown in
figure 6(d). The minimum available exposure of 1 millisecond, Timited by a
focal-plane shutter, was, of course, insufficient to freeze turbulence-
produced, high-frequency fluctuations of the fringes. However, the disturbed
fringes, averaged over a millisecond, are, nevertheless, distinct. The
fringe shifts are small because the jet diameter was small (approx. 0.3 cm

Gl



(a) Hot soldering iron.

{a) Infinite-fringe configuration without spa-

tial filter. (b) Incandescent light bulb.
(b) Infinite-fringe configuration with low-pass Figure 7. - Interferograms obtained
spatial f||ter(10-;fm dlam-). ) by schileren with lenses. Pinhole
(c) Finite-fringes with spatial filter {10-um diameter, 10pm.
diam).

(d) Choked jet; spatial filter (10-um diam).

Figure 6. - Interferograms obtained by schlier-
en with lenses,

diam (1/8 in.)). 1In both the preceding and following interferograms, the
defects, small circular fringes, result from diffraction by air bubbles
within the Aero Ektar lenses, especially the recollimator Rj.

Additional interferograms of various objects were obtained at an image I
magnification of 0.6, rather than the value 0.25 used in recording the
previously described interferograms. Some results are shown in figure 7.
Figure 7(a) displays a hot soldering iron oriented vertically. Figure 7(b)
shows heat rising from an incandescent light bulb.

The irradiance in the reference beam was marginal for high-speed photog-
raphy because of limited laser power. In an attempt to increase the irradi-
ance while simultaneously destroying the information from the test section
T, the pinhole F2 was replaced by a diffuser at the focal point. This
would permit retention of flux previously blocked by the pinhole aperture.
Increased irradiance was obtained by introducing a ground-glass diffuser.
However, the resulting reference beam was severely speckled. Moreover,




information concerning the test section was not sufficiently destroyed. The
ground-glass diffuser was replaced either by a small optical disk coated
with a thin layer of polystyrene latex microspheres or by a layer of micro-
spheres sandwiched between two optical disks. The coating could be applied
more uniformly using the latter configuration. The microsphere diameters
used were nominally either 0.109 or 0.624 um. Uniformity of the irradiance
of the reference beam was then comparable with that obtained with the 10-um-
diameter pinhoie (Fp). Moreover, by using the microsphere diffuser and
reintroducing a pinhole immediately following the diffuser, the pinhole
diameter could be increased from 10 to 25 ym without introducing appreciable
information into the reference beam. As a result, the total flux in the
reference beam was significantly increased.

The interferograms in figure 8 were recorded with the microsphere sand-
wich and 25-um-diameter pinhole replacing the 10-um-diameter pinhole. It is
evident that information on the test section T has been removed from the
reference beam. This was not achievable when the 25-um-diameter pinhole was
used without the microspheres. In addition, with the new spatial filter
Fo, the reference beam, always weaker than the object beam, possessed
greater irradiance than before. Hence, the image intensity, as well as the
interference fringe visibility, was increased. Figure 8(a) shows the nozzle
from the can of compressed air projecting into the field of view with the
interferometer adjusted for the infinite fringe condition. The finite

(a} No flow; infinite fringe.
(b) No flow; finite fringes.
{c) Choked jet.

(d} Incandescent light butb.

Figure 8, - Interferograms obtained by schlieren with lenses, Spatia! filter;
diffuser with 25-um aperture.



fringe condition without flow is displayed in figure 8(b). This is followed
in figure 8(c) by an interferogram of choked jet flow recorded at a 1-milli-
second exposure. Finally, the effect of heated air above an incandescent
1ight bulb is shown in figure 8(d).

It is noteworthy that in some of the preceding figures, especially
figure 8(b), fringe visibility is reduced in an annulus about the center of
the field of view and around the periphery of the field. This results
primarily from a similarly shaped nonuniformity of the irradiance in the
reference beam, as shown in the split-field photograph (fig. 9) and in the
infinite-fringe interferogram (fig. 8(a)). The nonuniformity of the refer-
ence beam is shown in photographs (fig. 10), taken with the pinhole at
various axial positions, to result from residual spherical aberration of the
light-source image formed at the pinhole (fig. 11).

Figure 9. - Comparison of interfer-
ing beams (left) with reference
beam (right).

i
N _——Axial location of focus
{ [~ as function of lens
! (Dg) radius. (@) Inside focus of decollimator Dj.
(b) At focus of decollimator Dj.

I
| {c) Outside focus of decollimator Dy.
alblci Figure 10. - Nonuniformity of refer-

Decollimator (D) Spatial filter (Fy) ence beam. Schlieren with lenses.
Recollimated reference beam with
spatial filter (25-pm diam).

Figure 11. - Ray paths in reference beam derived from figure 10. (Plane a, fig.
10(a); plane b, fig. 10(b); plane c, fig. 10(c).}

10



Figure 12. - Interferogram obtained ' Figure 13. - Interferogram obtained

by schlieren with mirrors. Infi- by schlieren with mirrors. Incan-
nite~-fringe configuration without descent light; spatial filter (25
spatial filter. diam. ) ptus polystyrene-DVB-micro-

sphere (54m diam. ) diffuser.

Mirror Version

Results obtained using the 30.5-cm diameter (12-in.) mirror system are
displayed in figure 12 and ali subsequent figures.

Figure 12 shows the best obtainable infinite-fringe configuration in the
absence of a spatial filter. With a spatial filter added, figure 13 shows
the effect of heat rising from a lighted incandescent bulb. The greatly
increased size of the optical system can be seen by comparing this interfer-
ogram with that in figure 8(d), in which the same light bulb is shown. In
obtaining figure 13 the 25-um-diameter pinhole was combined with a glass-—
plate diffuser coated with 5-um-diameter polystyrene divinylbenzene (DVB)
microspheres.

A11 interferograms displayed thus far contain considerable coherent
noise, most of which was attributable to air bubbles and dirt in the Aero
Ektar recoliimator, Ri. This particular lens was removed and replaced by
the Aero Ektar originally used as the decollimator (Dp). Since all infor-
mation is to be removed from the reference beam, it was deemed possible to
use an available f/3.5 holographic zone-plate as decollimator Ds. Conse-
guently, much of the coherent noise was removed from the system, and the
zone plate served as a very satisfactory decollimator.

The infinite fringe configuration, obtained using the zone plate but
without a spatial filter or diffuser, is shown in figure 14. The interfer-
ence field does not cover the entire available aperture because the f/3.5 of
the zone plate did not match the f/2.5, of the Aero Ektars. Two interfero-
grams of the 1ight bulb are shown in figures 15(a) (1ight off) and 15(b)
(1ight on). 1In these interferograms the spatial-filter aperture was
increased even more than before, to 103—um (0.04-1in.) diameter, in combi-
nation with a diffuser of polystyrene DVB microspheres. Some indication of
information in the reference beam is evidenced by a weak inverted shadow of
the light bulb apparatus at the top of the interferograms.

Appearance of the Reference Beam
The desired reference beam is characterized by irradiance equal to that

in the object beam, uniform irradiance, and absence of information regarding
the test section. The reference beam obtained following the splitter S
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Figure 14. - Interferogram obtained
by schlieren with mirrors, Infi-
nite-fringe configuration with zone-
plate decollimator Dy and without
spatial filter.

(a) Incandescent light off.
(b} Incandescent light on.

Figure 15. - Schlieren with mirrors.
Zone-plate decollimator Dy. Spa-
tial filter, 10”um (0. 040 in. ) diam-
eter plus polystyrene DVB diffuser.

using the schlieren mirror system, the Aero Ektar decollimator, Dy, and no
spatial filter, Fp, is shown in figure 16(a). This is obviously an
unsatisfactory reference beam because of the prominence of information on
the light bulb and its fixture. With the addition of a 25~um-diameter
spatial filter the test-section information is eliminated but the reference
beam is very weak and nonuniform, as in figure 16(b) which shows only the
brightest areas of the beam. The exposure to obtain this image was twice
that for the pregeding figure 16(a). With the 25-um-diameter pinhole
replaced by a 10°-um-diameter pinhole and the exposure the same as that

for figure 16(a), the flux is increased, and irradiance is more uniform; but
information on the test section reappears, as is displayed in figure 16(c).

A diffuser consisting of microspheres coated on an optical glass disk
was felt to be an easy way to eliminate information from the reference beam
while increasing its irradiance by enlarging the aperture of the spatial
filter. With 0.624-pm-diameter polystyrene latex microspheres coated on
glass the transmitted test section information is largely obscured, even in
the absence of a spatiail filter (fig. 16(d)). As shown in figure 16(e), a
diffuser consisting of transparent, 5-um-diameter, polystyrene DVB micro-
spheres yielded the maximum loss of information and at only one-half the
exposure required for figure 16(a).

The main difficulty in using microspheres was in obtaining a uniform
coating and, hence, a reference beam with uniform irradiance free of infor-
mation. There are undoubtedly better ways to accomplish this, in particular,
by using holographic optical elements.
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(a) No filter.
(b} Spatial filter, 25psm diameter. Exposure two times that in part (a).
{c) Spatial filter, 103um (0. 040 in. ) diameter. Exposure same as in part (a).

(d) Polystyrene latex diffuser (0. 624um diam. ) without spatial filter. Expo-
sure same as in part (a).

(e} Polystyrene DVB diffuser without spatial filter. Exposure one-half that
in part (a).

Figure 16. - Schlieren with mirrors. Reference beam.

Remaining Problems

In its present state of development as a quantitative instrument the
assembled large aperture, local-reference-beam interferometer suffers from

three shortcomings, namely,
(1) Optics of too low quality to obtain uniform phase of interference or

straight fringes over the field of view in the absence of disturbances.
(2) Inadequate flux and nonuniformity of irradiance over the aperture of
the reference beam while eliminating information regarding the test section.

(3) Coherent noise.
13
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Fortunately, all of these problems are practical and solvable in that
they do not result from conceptual defects. Thus, considerable improvement
of the system may be expected if higher quality optics are used.

Comparisons With Other Devices

As mentioned in the Introduction, two references on related devices have
been found (refs. 9 and 10). The former device (ref. 9), shown in figure 17,
is an apparatus for holography, rather than interferometry.

Whereas for interferometry the subject beam and local reference beam
need only have comparable amplitudes, for satisfactory holography the ampli-
tude of the reference beam must be several times that of the object beam.
This is not as easily achieved. Uncoated splitters, used in the configura-
tions shown in figures 2 and 3, and an efficiently focused reference beam
should help increase the relative amplitude of the reference beam while
removing information. However, a lens focusing light on a pinhole, as
described in the patent (ref. 9), is not likely to be a satisfactory flux
transmitter, expecially when the test is of an extended reflecting object
(fig. 17, as in the patent) unless a very-high-intensity source is used and
a neutral filter is added to reduce the relative amplitude of the object
beam. (Note that, if the reflecting object has a finite extent, the focus
at the spatial filter F» will also be laterally extended, rather than
being a point.) In addition, since the distance of the reflecting object
from the holographic device is likely to be finite, axial translation of the
filter Fo will be necessary to account for changes of object distance.

Target

————

Laser—\ g - )V
Plnhole
\
Hologram

Figure 17. - Local reference beam generation for holography (ref. 9).



A system with a reflecting object, similar to that described in the
patent and shown in figure 17, was also tested in the present study as an
interferometer system before the discovery of the existence of the patent.
The test failed for the reasons just cited. With the transmission (rather
than reflection) application described herein, a holographic system may be
more readily achieved. Additional, easily manufactured, off-axis holographic
optics may be added, especially to replace lens Rz and mirror Mz in
the reference beam.

The latter device (ref. 10), shown in figure 18, consists of the local-
reference-beam interferometer without the collimation feature. This simpli-

Source

—/
-— Test -
Section — J

—/

~.

~
Interferogram=

Figure 18. - Lensless local-reference-beam interferometer with schlieren (ref. 10)

fication yields interference between spherical, rather than plane, waves.
To achieve the infinite-fringe condition requires that the interfering
spherical waves be identical in radius and propagation direction. Otherwise
curved, nonuniformly spaced fringes resuit. In addition, since this config-
uration involves transmission of convergent and divergent light through
tilted plates (i.e., the splitters) spherical and chromatic aberration, coma,
and astigmatism are introduced. This further complicates the problem of
achieving the infinite-fringe condition and changes the curvature and spac-
ing nonuniformity of fringes if the wavefronts are not superimposed.

A system almost identical to that shown in the figure 18 was demonstrated
as a first step in developing the local-reference-beam interferometer
described herein. The system was abandoned for the reasons described above.

CONCLUSION

An interferometer has been devised which utilizes amplitude division of
an object beam to construct an information-free, reference beam by low-pass
spatial filtering. It is shown that this interferometer can be used to
convert a schlieren system into an interferometer without limiting the
useful aperture of the schlieren system, which may be very large, and with-
out constructing a reference beam around the test section. The interferom-
eter can employ very large schlieren optics in conjunction with relatively
small interferometer optics.

Two versions of the interferometer were demonstrated, one employing
12.7-cm diameter (5-in.) lenses in the schlieren portion, and the other

15
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employing 30.48-cm diameter (12 in.) parabolic mirrors in an off-axis
schlieren system. The latter system required insertion of a cylindrical
lens near the light source to correct for astigmatism. Satisfactory results
were also obtained by replacing a decollimating lens by a zone plate in the
reference-beam arm of the interferometer. Attempts to enlarge the aperture
of the information-removing spatial filter by means of a diffuser, although
only partially successful, showed promise as a means of increasing the
irradiance of the reference beam.

Lewis Research Center,
National Aeronautics and Space Administration
Cleveland, Ohio
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